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What we will talk about todayWhat we will talk about today

�� About biotechnology medicinesAbout biotechnology medicines

–– Powerful medicinesPowerful medicines

–– Science of biologicsScience of biologics
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–– Science of biologicsScience of biologics

�� Implications for followImplications for follow--on biologicson biologics

–– Science, patient safety & innovationScience, patient safety & innovation



Growing importance of biotech Growing importance of biotech 
medicinesmedicines

�� Biotechnology medicines have been Biotechnology medicines have been 
proven to be safe and effective with proven to be safe and effective with 
an excellent record of patient an excellent record of patient 
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an excellent record of patient an excellent record of patient 
satisfaction and safetysatisfaction and safety

�� Biotechnology has produced medicines Biotechnology has produced medicines 
for some of the most serious and for some of the most serious and 
intractable diseasesintractable diseases



Development of Biotech Development of Biotech 
Medicines Continues to GrowMedicines Continues to Grow
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Source: European Commission



Biotech Medicines in Development Biotech Medicines in Development 
for Many Diseases with No Effective for Many Diseases with No Effective 
Treatment or CureTreatment or Cure
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Source: PhRMA Biotechnology Medicines In Development Survey 2006



Biologics are…Biologics are…

�� Derived from living material (plant, animal or Derived from living material (plant, animal or 
microorganism)microorganism)

�� Derived from natural sources or engineeredDerived from natural sources or engineered
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�� Derived from natural sources or engineeredDerived from natural sources or engineered

�� Usually based on a protein or nucleic acidUsually based on a protein or nucleic acid

�� Used for the treatment of diseases in humansUsed for the treatment of diseases in humans



A subA sub--set of biologics are relevant for set of biologics are relevant for 
FollowFollow--on biologics applications:on biologics applications:
Well-Characterized Therapeutic Proteins

Well-Characterized 
Therapeutic Proteins
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Therapeutic Proteins

Diversity of Biologics



Biologics are Different from Small Biologics are Different from Small 
Molecule (Chemical) DrugsMolecule (Chemical) Drugs

�� Composition, Size, StructureComposition, Size, Structure
–– Larger, more complex, more heterogeneousLarger, more complex, more heterogeneous

�� ManufacturingManufacturing
–– Genetic engineering vs. organic chemistryGenetic engineering vs. organic chemistry
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–– Genetic engineering vs. organic chemistryGenetic engineering vs. organic chemistry

–– Synthesis by living cells/organismsSynthesis by living cells/organisms

�� Clinical SafetyClinical Safety
–– Species specificity limits standard preSpecies specificity limits standard pre--clinical clinical 
models for safety testingmodels for safety testing

–– Usually injectedUsually injected

–– ImmunogenicityImmunogenicity



Biologics are more complex Biologics are more complex 
than chemical medicinesthan chemical medicines
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Characteristics of Biologics Characteristics of Biologics 
Manufacturing ProcessManufacturing Process

�� Products are made from live cellsProducts are made from live cells

�� Takes months, not weeks, to produce Takes months, not weeks, to produce 
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�� Takes months, not weeks, to produce Takes months, not weeks, to produce 
a run or batcha run or batch

�� To obtain consistent results, precise To obtain consistent results, precise 
controlling necessarycontrolling necessary



ImmunogenicityImmunogenicity——clinical concern clinical concern 
for biologics, not for small molecule for biologics, not for small molecule 
drugsdrugs

�� Small molecule drugs rarely elicit immune responsesSmall molecule drugs rarely elicit immune responses

�� Proteins (biologic drugs) are capable of triggering Proteins (biologic drugs) are capable of triggering 
immune responses with varying consequences, e.g., immune responses with varying consequences, e.g., 
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immune responses with varying consequences, e.g., immune responses with varying consequences, e.g., 

–– Reduced effectivenessReduced effectiveness

–– Rare but lifeRare but life--threatening reactionsthreatening reactions

�� Immunogenicity of biologic drugs is unpredictable, Immunogenicity of biologic drugs is unpredictable, 
unforeseeableunforeseeable

�� Small changes in a biologic molecule can completely Small changes in a biologic molecule can completely 
shift its immunogenicity profileshift its immunogenicity profile



This all translates into several This all translates into several 
key facts....key facts....

�� Biologic drugs are orders of magnitude more Biologic drugs are orders of magnitude more 
complex than small molecule drugscomplex than small molecule drugs

�� Safety & efficacy of final product exceptionally Safety & efficacy of final product exceptionally 
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�� Safety & efficacy of final product exceptionally Safety & efficacy of final product exceptionally 
sensitive to small changes in manufacturing sensitive to small changes in manufacturing 
processprocess

�� It is difficult to impossible to predict the effect It is difficult to impossible to predict the effect 
of these small changesof these small changes——experience countsexperience counts

�� Potential for negative health consequencesPotential for negative health consequences



FollowFollow--on Biologics on Biologics 
Scientific basis for approvalScientific basis for approval

�� Similar = SameSimilar = Same

–– Everything else follows from this:Everything else follows from this:

�� Require Clinical trialsRequire Clinical trials
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�� Require Clinical trialsRequire Clinical trials

�� Different namesDifferent names

�� No scientific basis for No scientific basis for 
substitution/interchangeabilitysubstitution/interchangeability



Central Dogma of Molecular Central Dogma of Molecular 
BiologyBiology----Biotech RevolutionBiotech Revolution

�� DNA makes RNA makes ProteinDNA makes RNA makes Protein

–– Inside a cellInside a cell

Manipulate DNA; Manipulate cells; Manipulate DNA; Manipulate cells; 

1414

�� Manipulate DNA; Manipulate cells; Manipulate DNA; Manipulate cells; 
Make desired proteinMake desired protein
Gene of Interest

DNA Plasmid

Insert Gene of Interest Cell of choice

Desired 
Protein

GoI



Different cells will make Different cells will make 
slightly different proteinslightly different protein

Cells w/GOI Protein of Interest
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Different Protein Manufacturers Use...Different Protein Manufacturers Use...

....ATG             Gene Sequence STOP...Cloning into 
DNA Vector

Transfer into Host Cell 
Expression

DNA Vector

ATG

Stop

(Probably) a different 
DNA vector

Different in-process controls

Maybe the same gene sequence
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Expression
Screening/Selection

e.g., bacterial or mammalian cell

Fermentation

Downstreaming/ 
Purification

Different 
fermentation 
process

Different 
downstreaming 
protocol

Different recombinant 
production cell



Same, different, similarSame, different, similar

�� Generic drug approval pathway premised on ability Generic drug approval pathway premised on ability 
to make and show that generic drug is the same as to make and show that generic drug is the same as 
the innovator drugthe innovator drug
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�� Biologics from different manufacturers will be Biologics from different manufacturers will be 
similar, not the samesimilar, not the same

�� Therefore you need a different regulatory pathway, Therefore you need a different regulatory pathway, 
with different scientific standardswith different scientific standards

�� FollowFollow--on biologics are not genericson biologics are not generics

–– The regulatory pathway should reflect this in the rigor of The regulatory pathway should reflect this in the rigor of 
the approval standards.the approval standards.



Current science:Current science:
Importance of Clinical Trials for Importance of Clinical Trials for 
Approval of FollowApproval of Follow--on Biologicson Biologics

�� Similar proteins will have similar propertiesSimilar proteins will have similar properties

–– For example, EPO will increase RBCsFor example, EPO will increase RBCs

�� May not be possible to determine degree of May not be possible to determine degree of 
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�� May not be possible to determine degree of May not be possible to determine degree of 
molecular structural similarity molecular structural similarity 

�� Not possible to predict difference in clinical Not possible to predict difference in clinical 
properties based upon understanding of structural properties based upon understanding of structural 
similaritysimilarity

�� Need clinical safety and effectiveness data with Need clinical safety and effectiveness data with 
each specific EPO to demonstrate it increases RBCs each specific EPO to demonstrate it increases RBCs 
and its safety profileand its safety profile



ImmunogenicityImmunogenicity——implications implications 
for FOB regulatory pathwayfor FOB regulatory pathway

�� Cannot be predicted in animal testingCannot be predicted in animal testing

�� PrePre--approval clinical testing necessary to rule out major quality or approval clinical testing necessary to rule out major quality or 
safety problemssafety problems

Adverse events generally extremely rareAdverse events generally extremely rare——need large populations need large populations 

1919

�� Adverse events generally extremely rareAdverse events generally extremely rare——need large populations need large populations 
to seeto see

–– Won’t see in typical preWon’t see in typical pre--approval trialsapproval trials

–– Monitor in postMonitor in post--marketing settingmarketing setting

�� Evidence that switching between products increases probability of Evidence that switching between products increases probability of 
immune responseimmune response

�� Tracking complicated if different products have the same nameTracking complicated if different products have the same name



FollowFollow--on Biologics should not be on Biologics should not be 
Subject to Automatic SubstitutionSubject to Automatic Substitution

�� Generic drugs may be substituted for Generic drugs may be substituted for 
reference drugs because they are the reference drugs because they are the SAMESAME
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�� FollowFollow--on biologics are similar to the on biologics are similar to the 
reference, i.e., reference, i.e., DIFFERENTDIFFERENT

�� No scientific basis to substitute different No scientific basis to substitute different 
productsproducts



Some arguments for substitution of Some arguments for substitution of 
similar products may jeopardize similar products may jeopardize 
patient safetypatient safety

�� Close enoughClose enough

–– “Proteins are similar and so should have the “Proteins are similar and so should have the 
same clinical effect”same clinical effect”
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�� “Same” clinical effect“Same” clinical effect

–– E.g., aspirin and acetominophenE.g., aspirin and acetominophen

–– Statins, as a classStatins, as a class

�� Doctors use them “interchangeably”Doctors use them “interchangeably”



Different things should have Different things should have 
different namesdifferent names

�� Generic drugs have the same name as Generic drugs have the same name as 
their reference drug because they their reference drug because they 
have the have the SAME active ingredientSAME active ingredient
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have the have the SAME active ingredientSAME active ingredient

�� Follow on biologics will be similar to Follow on biologics will be similar to 
(i.e., (i.e., DIFFERENTDIFFERENT from) their reference from) their reference 
productproduct



No Harmonized Worldwide Regulatory No Harmonized Worldwide Regulatory 
Framework for FollowFramework for Follow--on Biologicson Biologics

�� Small molecule generics model is inappropriateSmall molecule generics model is inappropriate

�� In many regions limited or no regulatory In many regions limited or no regulatory 
processes existprocesses exist
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processes existprocesses exist

�� Lack of minimum regulatory standards presents Lack of minimum regulatory standards presents 
a risk for patients because of the potential a risk for patients because of the potential 
issues relating to the quality, efficacy and issues relating to the quality, efficacy and 
safety of followsafety of follow--on biologics developed and on biologics developed and 
approved without defined requirementsapproved without defined requirements



FollowFollow--on Biologicson Biologics----SummarySummary

�� The issues and the science are complex and multiThe issues and the science are complex and multi--
faceted.faceted.

�� Patient safety and sound science are fundamental; Patient safety and sound science are fundamental; 
biologics raise unique concerns because of the close biologics raise unique concerns because of the close 
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biologics raise unique concerns because of the close biologics raise unique concerns because of the close 
relationship between a product’s manufacturing process relationship between a product’s manufacturing process 
and its clinical attributes.and its clinical attributes.

�� Strong intellectual property protections are essential to Strong intellectual property protections are essential to 
promoting innovation that meets patients’ needs through promoting innovation that meets patients’ needs through 
new biologics medicines.new biologics medicines.

�� Extensive factExtensive fact--finding through rigorous and transparent finding through rigorous and transparent 
processes is needed.processes is needed.


